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RESEARCH ARTICLE  
 
Abstract 
Net blotch disease caused by Pyrenophora teres is one of the most damaging fungal diseases of barley crop. This 
study screened comparatively the effectiveness of eleven fungicide products applied to malting barley (Hordeum 
vulgare L. conv. distichum Alef.) cultivar ‘Daciana’ in conditions from Transylvania. After fungicide treatment, 
the net blotch disease index decreased an average of 70.37-78.04% relative to untreated control. Fungicide 
application ensured an average of 28.66% grain yield increase, 7.51% thousand grains weight increase and 
4.36% grain starch content increase relative to untreated control. Top performance was obtained by using 
products that contained demethylation inhibitors targeting sterol biosynthesis in combination with other active 
substances with a different mode of action particularly targeting mitochondrial respiration. It is a difficult task 
to achieve top performance on all dimensions: strict disease suppression, high quantity and quality grain yields. 
Preventing the occurrence of pathogen resistance to fungicide and minimizing negative effect on crop as well as 
remanence in the plant, are the main challenges for fungicide use and should receive further attention.  
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INTRODUCTION 
Barley is amongst first cereal crops cultivated by humans. It was taken into 
cultivation sometime between 9000-8000 BC in the region that currently 
corresponds roughly to Israel and Syria. Both six-rowed and two-rowed barley 
have been documented at various ancient archaeological sites in Europe hinting 
to the early cultivation of these two morphologically distinct genotypes (Ros et al., 
2013). Today barley is ranking fourth among most cultivated cereals. Out of the 
barley yield obtained worldwide, about 65% is destined to animal feeding, 33% 
undergoes malting and 2% is destined to human consumption (Idahen et al., 
2017). Pyrenophora teres is the causal agent of net blotch, one of the most 
important diseases of barley crop. This fungus presents two morphologically 
similar forms that differ in the type of lesions produced (Figure 1), (Moshe et al., 
2019). These fungi are considered responsible for yield loss of 10-40% worldwide 
or even more in some cases (Wesley et al., 2016; Torriani et al., 2017). After 
removal of undersized grains that are not suitable for malting, the losses can 
exceed 70% (Moolhuijzen et al., 2021). The life cycle of Pyrenophora teres f. teres 
(the net form of the disease) starts with germination of the conidia on leaves when 
temperature and humidity conditions are suitable. This can occur within six hours 
after inoculation. The first stage of development of about 1-2 days is biotrophic, 
asymptomatic and characterized by penetration of the epidermal cells and 
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spreading within leaf mesophyll. Only after 3-5 days can be observed the first signs of chlorosis and necrosis as the 
fungus switches to necrotrophic stage. The net blotch form of the disease is recognizable by the brown lesions and 
a reticulated pattern (Moolhuijzen et al., 2021). The disease is manifesting foremost on leaves through the 
occurrence of yellow or brown blotches that are small at first but then these elongate and end up having a reticulate 
pattern. Severely infected leaves can wilt completely. The brown blotches can also occur on the spikes while 
caryopses become infected (Popescu, 1998). Chlorosis and necrosis of the plant host tissue is associated with 
secondary metabolites such as marasmines that are produced by these fungi and possess phytotoxic effect (Clare et 
al., 2020). Although the fungus is hemi-biotrophic having the ability to shift from biotrophy to necrotrophy, the 
necrotrophic stage is predominant. During plant-pathogen interaction over 100 barley proteins are significantly 
differentially expressed (Hassett et al., 2020). Pyrenophora teres can survive on plant debris from a season to the 
next (Figure 1). The fungus propagates both sexually as well as asexually (Oğuz and Aziz, 2021). At the end of the 
barley growing season Pyrenophora teres forms sexual pseudothecia that remains on straw residues in field 
representing primary source of inoculation (Moshe et al., 2019). The damage caused by the disease is represented 
by reduction of green leaf surface, that in turn reduces the assimilation capacity causing decreased grain size and 
depreciation of quantitative and qualitative parameters of the yield (Oğuz and Aziz, 2021). 
 
 
Figure 1. Sources of infection with net blotch in barley and symptoms of the two forms  
(original) 
 
Control of net blotch disease can be achieved by using genotypes displaying resistance or by applying fungicides. 
Due to the fact that there are no highly resistant cultivars created yet, the second approach remains the main one 
adopted by farmers (Wesley et al., 2016; Volkova et al., 2020).  
Out of the entire quantity of plant protection products used at European level, about half is represented by 
fungicides. The trend after 1990 was the shift from products used at high dose rates towards active substances 
applied at lower rates (EUROSTAT, 2007). Although fungicides are indispensable in agriculture to ensure stable 
yields, their rational application has become a necessity once with the increased awareness about negative impact 
not limited to agroecosystems biodiversity but having environmental cascading consequences (Zubrod et al., 2019). 
Fungal control agents can be classified by their mode of action in relation to processes they target into the fungal 
organism. Thus, the active substance in the fungicide can target: nucleic acids metabolism, cytoskeleton and motor 
proteins, respiration, amino-acid and protein synthesis, signal transduction, lipid synthesis or transport as well as 
membrane integrity and function, melanin synthesis in cell wall, sterol biosynthesis in membranes and cell wall 
biosynthesis. In addition, there are fungicides that induce host plant defense, or fungicides that have multi-site 
activity. Also, there are biologic agents with multiple modes of actions and these represent plant or microbial 
extracts as well as living microorganisms. One last category can be considered those fungicides that have an 
unknown or less elucidated mode of action (FRAC, 2021).  
Pyrenophora teres is considered at medium risk to evolve fungicide resistance. Against this pathogen are most 
often applied fungicides based on demethylation inhibitors (DMIs), quinone outside inhibitors (QoIs), succinate-
dehydrogenase inhibitors (SDHIs) and aniline-pyrimidines (APs) (Torriani et al., 2017). In Europe against 
Pyrenophora teres f. teres are most often being used fungicides from classes of succinate dehydrogenase inhibitors 
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(SDHIs) and quinone outside inhibitors (QoIs). Also, in Europe have been reported mutations for the respective 
target genes (cytochrome b) and succinate dehydrogenase complex (Wesley et al., 2016; Torriani et al., 2017).  
Disease control is still considered reliable through fungicide applications (FRAG, 2020). However, since reduced 
sensitivity and resistance to various fungicides by the net blotch fungus have been reported in various countries in 
Europe (Wesley et al., 2016; Torriani et al., 2017; FRAG, 2020), monitorization of the fungicide efficiency is required 
for the success of the barley crop.  
The aim of this study was to screen comparatively the effectiveness of several commercial fungicide products 
frequently used in farms as well as their influence on the yield parameters for two-rowed spring barley crop. Two 
objectives were defined:  
- assessment of the effectiveness of fungicide treatments against net blotch disease,  
- assessment of the influence of fungicide treatments on yield parameters (quantity and quality). 
 
MATERIALS AND METHODS 
 The experiment was conducted at Agricultural and Research Station (ARDS) from Turda, during the year 2016. 
The ARDS Turda is located in the western part of Transylvanian Plateau of Romania, where the landscape is 
dominated by hills. The climate is continental temperate with four seasons. Climatic conditions from the 
experimental year are presented in Figure 2. Thus, the year 2016 had an average temperature during January of -
2.8°C, that increased progressively and exceeded 10°C starting with the month of April, when the average monthly 
temperature was 12.4°C. Monthly average temperature in July was 20.5°C. Precipitation levels also followed an 
increasing trend between January and July of 2016. Compared with the average values for 59 years, can observed 




Figure 2. Climatic conditions during experimental year (2016) registered by Turda weather station 
situated at long. 23°47’, lat. 46°35’ altitude 427 m: (a) temperature, (b) precipitation. 
 
 The experiment was conducted on two-rowed spring barley (Hordeum vulgare L. conv. distichum Alef.) cultivar 
‘Daciana’. This is a registered cultivar obtained at Agricultural and Research Station Turda, Romania 
(https://scdaturda.ro/soiurihibrizi/). It is suitable for all hilly areas of favorability for two-rowed spring barley 
crop from Romania, such as: center, north, north-west and north-east of the country. These areas are characterized 
by cool and wet climate. This cultivar is widespread in cultivation in Transylvania. It is suitable for intensive 
cultivation and has a growing interval of 70-72 days. It is an early cultivar with fast growth in the first stages. The 
plants are short – between 68-75 cm while the spike has 12 cm length. Yields are around 4000 kg/ha. The grains 
are low in proteins (10.5-11.5%) and high in starch (63%) having good prospects for malting 
(https://www.madr.ro/).  
 The experiment was organized in randomized blocks with three replicates. The two-rowed spring barley cultivar 
‘Daciana’ (Hordeum vulgare L. conv. distichum Alef.) was subject to fungicide treatments during vegetative period 
with 11 commercial products. Each experimental variant covered an area of 6 m2. The source of infection was 
natural and the experiment took place during one year (2016).  
 The commercial fungicide products tested were: Acanto Plus, Amistar Xtra, Artea 330 EC, Credo, Evolus, Falcone 
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460 EC, Mystic 250 EC, Nativo 300 SC, Prosaro 250 EC, Zamir 40 EW and Zantara 216 EC. Recommended dose of 
application of these products is between 0.5-1 L/ha depending on the product, and the dose used in this study for 
each product is mentioned in Table 1. The commercial fungicides used are formulated with various active 
substances. A total of 13 active substances can be found among the various commercial fungicides used in this 
research. Each commercial product contained between 1-3 active substances that ranged in concentration between 
80 to 500 g/L in the commercial formulation (Table 1). Only one product contained a single active substance. The 
most frequently used active substance was tebuconazole found in 7 out of 11 products used, followed by 
cyproconazole that was present in 3 out of 11 products (Table 1). 
 
Table 1. Commercial products used, active substance and dose of application 









































































































Azoxystrobin  200          
g/L 
Picoxystrobin 200   100        
Trifloxystrobin        100    
DMI 
 
Cyproconazole 80 80 80         
Prochloraz     320     267  
Propiconazole   200         
Prothioconazole         125   
Tebuconazole     160 167 250 200 125 133 166 
Triadimenol      460      
A Spiroxamine      250      
SDHI Bixafen           50 
M Chlorothalonil    500        
AZN Proquinazid     40       
Dose of application 0.5 0.5 0.4 1.5 1 1 0.5 0.8 0.75 0.75 1 L/ha 
†Commonly used names of groups according to mode of action after FRAC (2021): QoI – quinone outside inhibitor, DMI – demethylation 
inhibitor, A – amine (syn. morpholines) acting as sterol biosynthesis inhibitor, SDHI – succinate dehydrogenase inhibitor, M – multi-site action 
(phthalonitrile), AZN – aza-naphthalene as signal transduction inhibitor.   
‡Unit expressing active substance in commercial product (g/L) and dose of application of the commercial product (L/ha) 
 
Mode of action of demethylation inhibitor fungicides (DMI) as well as morpholines (A) is basically inhibition of 
sterol biosynthesis (SBI) in fungi. Succinate dehydrogenase inhibitor fungicides (SDHI) target mitochondrial 
respiration and more specifically the complex II chain which is a functional part of the tricarboxylic cycle and linked 
to the mitochondrial electron transport. By comparison, quinone outside inhibitor fungicides (QoI) target the 
complex III – as quinone ‘outer’ binding site of the cytochrome bc1 complex. Proquinazid belongs to the AZN 
fungicides that are inhibitors of signal transduction. Chlorothalonil is a multi-site action fungicide (FRAC, 2021).  
By considering the mode of action of the eleven fungicide products used in this study one can notice that active 
substances target either sterol biosynthesis in membranes (DMI, A), mitochondrial respiration (QoI, SHDI) has 
multisite action (M) or target signal transduction (AZN). Ten out of eleven commercial products used in this study 
contained active substance acting as demethylation inhibitor, with the exception of the product Credo (Table 1). 
 The treatments with these fungicides were applied in the following phenophase, as defined by BBCH scale 
(Meier, 2018):  
- treatment 1 at BBCH 32, (T1) 
- treatment 2 at BBCH 49, (T2). 
 The following determinations were conducted: 
- foliar disease index after first and second treatment (%) 
- quantitative parameters of production:  yield (q/ha) and thousand grains weight (TGW g) 
- qualitative parameters of production: starch and protein content of grains (%).  
 The net blotch disease index of the crop was assessed after each treatment following methodology presented in 
literature (Puia, 2005; ISTIS, 2009).  
 The disease index was calculated by applying the following formula: 
 
𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑖𝑛𝑑𝑒𝑥 =
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 Disease incidence represents the frequency of infected plants by applying the formula: 
 
𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑙𝑎𝑛𝑡𝑠
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠 𝑎𝑛𝑎𝑙𝑦𝑠𝑒𝑑 
 × 100 
 
 Disease severity expresses the intensity of the disease, established based on the scoring system and following 
visual evaluation of foliar surface affected by net blotch, by applying the formula: 
 
𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦 =
𝛴 (𝑖 × 𝑓)
𝑛
 
where: i – represents the score according to evaluation that defines infection extensiveness of a plant according to 
scale (infected foliar surface 5%, 10%, 30%, 75%), and f – number of plants with same grade, n – total of number of 
infected plants. Infection assessment for each variant was conducted in five points across the plot for all plants on 
40 cm linear length at each point on the direction of the row (Puia, 2005; ISTIS, 2009). 
 Production was evaluated as q/ha at 86% dry substance. In laboratory at ARDS Turda were determined the 
qualitative parameters: protein and starch content, using NIR Tango spectrometer. Starch to protein ration was 
calculated by dividing the starch relative content to protein relative content.  
 Data was analyzed using Microsoft Excel and Polifact software. Statistical test applied for infection degree, grain 
yield and TGW was Fisher’s Least Significant Difference test. 
 
RESULTS AND DISCUSSIONS    
After first fungicide treatment, the net blotch disease index ranged between 2.20-0.87% while after the second 
fungicide treatment, the disease index ranged between 1.07-4.03%. Based on Fisher’s least significance difference 
test, it is evident that all products ensured a highly significant decrease of net blotch disease compared to untreated 




Figure 3. Net blotch disease index (%) in spring barley ‘Daciana’ after fungicide spraying treatment 
with different commercial products: (a) after first treatment all are highly significantly lower than 
control (LSD p 0.1% = 0.46); (b) after second treatment all are highly significantly lower than control 
(LSD p 0.1% = 0.71); control - untreated. 
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After first and second treatment the net blotch disease index was lowest following application of Acanto Plus 
and Amistar Xtra - both were products containing cyproconazole (acting as demethylation inhibitor) along with a 
quinone outside inhibitor (picoxystrobin or azoxystrobin), indicating to the higher effectiveness of this 
combination. Foliar disease index decreased following fungicide application with an average of 70.34% relative 
control after the first treatment and with an average of 78.03% relative to control after the second treatment. 
However, the foliar disease index ranged widely among products suggesting a different effectiveness in suppressing 
the disease development. Thus, after first treatment the foliar disease index decreased between 82.70-56.26% 
relative to control and after second treatment decreased with 86.33-48.53% relative to control. Regarding the 
descending hierarchy of effectives, the top two and bottom two products remained the same between first and 
second treatment. When comparing the disease index, it can be observed that a few products achieved lower disease 
index after second treatment compared to levels registered after the first treatment: Zamir 40 EW, Falcone 460 EC, 
Credo and Prosaro 250 EC, suggesting that repeated application led to better results in the case of these products. 
Following fungicide treatments, the grain yield of barley was on average 5760 kg/ha and varied between 4880-
6790 kg/ha among the treated variants. The yield for the untreated barley was only 4480 kg/ha (Table 2). Relative 
to untreated control the grain yield increased following fungicide treatments with 28.66%, and a range of 9.10-
51.70% increase relative to control. The best yield was obtained for variants treated with Evolus and Acanto Plus. 
Application of these products ensured a yield increase of 50-51.70% relative to untreated control, indicating to their 
highly beneficial effect. Seven out of eleven products tested lead to the obtaining of yields that were highly 
significantly superior to control. 
 
Table 2. Influence of fungicide treatment applied to barley ‘Daciana’ on grain yield 
Action type Variant 
Yield  
(q/ha) 
Diff. %  Diff.  Significance 
- Control (untreated) 44.8 100.0 0.0 Control 
M + QoI Credo (1.5 L/ha) 48.8 109.1 4.0 n.s. 
DMI Prosaro 250 EC (0.75 L/ha) 51.1 114.1 6.3 * 
DMI + QoI Nativo 300 SC (0.8 L/ha) 51.6 115.3 6.8 * 
DMI + A Falcone 460 EC (1 L/ha) 53.2 118.8 8.4 ** 
DMI Artea 330 EC (0.4 L/ha) 56.0 125.0 11.2 *** 
DMI + QoI Amistar Xtra (0.5 L/ha) 56.1 125.2 11.3 *** 
DMI + SDHI Zantara 216 EC (1 L/ha) 58.8 131.3 14.0 *** 
DMI Zamir 40 EW (0.75 L/ha) 60.2 134.5 15.4 *** 
DMI Mystic 250 EC (0.5 L/ha) 62.8 140.3 18.0 *** 
DMI + QoI Acanto Plus (0.5 L/ha) 67.2 150.0 22.4 *** 
DMI + AZN Evolus (1 L/ha) 67.9 151.7 23.1 *** 
LSD (p 5%) 5.3  
LSD (p 1%) 7.3  
LSD (p 0.1%) 9.8  
 
Thousand grains weight of the barley subject to fungicide treatments was on average 42.17 g and having a range 
between 40.32-44.01 g among variants. The TGW of the untreated variant was below 40 g (Table 3).  
Table 3. Influence of fungicide treatment applied to barley ‘Daciana’ on thousand grains weight (TGW) 
Action type Variant 
TGW  
(g.) 
Diff. % Diff. Significance 
- Control (untreated) 39.23 100.0 0.00 Control 
DMI Artea 330 EC (0.4 L/ha) 40.32 102.8 1.09 n.s. 
DMI + A Falcone 460 EC (1 L/ha) 40.79 104.0 1.56 * 
M + QoI Credo (1.5 L/ha) 40.90 104.3 1.67 * 
DMI Prosaro 250 EC (0.75 L/ha) 41.50 105.8 2.27 ** 
DMI + SDHI Zantara 216 EC (1 L/ha) 41.85 106.7 2.63 ** 
DMI + QoI Nativo 300 SC (0.8 L/ha) 41.97 107.0 2.75 *** 
DMI + QoI Amistar Xtra (0.5 L/ha) 42.22 107.6 3.00 *** 
DMI Zamir 40 EW (0.75 L/ha) 43.02 109.7 3.79 *** 
DMI + QoI Acanto Plus (0.5 L/ha) 43.54 111.0 4.31 *** 
DMI + AZN Evolus (1 L/ha) 43.72 111.5 4.49 *** 
DMI Mystic 250 EC (0.5 L/ha) 44.01 112.2 4.78 *** 
LSD (p 5%) 1.49  
LSD (p 1%) 2.03  
LSD (p 0.1%) 2.73  
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Six out of eleven products tested ensured a highly significant increase of TGW relative to control. On average the 
TGW increased with 7.51% following fungicide application relative to control but there was a high variation among 
products - ranging between 2.80-12.20% TGW increase relative to control. Application of three products was 
associated with over 10% increase of TGW, and these were: Mystic 250 EC, Evolus and Acanto Plus. All these three 
products contained active substances acting as demethylation inhibitors that target sterol biosynthesis in 
membranes of fungi. 
Analysis of barley grain quality parameters indicated that average protein content for the twelve variants was 
10.5% with a range between 9.8-10.7% and average starch content was 55.1% with a range between 54.2-53.0% 
(Figure 4). The analysis of starch to protein ratio (starch/protein) demonstrated that this ratio was lowest in the 
untreated control (4.95) that also displayed the lowest starch content and among highest protein contents, 
characteristics that are the least optimal for malting barley. Following fungicide treatments during vegetation of 
barley crop against net botch disease, the protein content in grains decreased an average of 2.55% relative to 
control, while starch increased an average of 4.36% relative to control, fact that indicates to a positive influence of 
the treatments over the malting grain quality. Highest starch to protein ratio (5.53) was identified in barley grains 
from plot treated with Nativo 300 SC (DMI+QoI) and in this case, it can be attributed to steep decrease of o protein 
content relative to untreated control (8.41%) that was registered by this variant, since the starch increase relative 
to control was not the highest for this variant, on contrary it was only 2.26% relative to untreated variant. Second 
highest starch to protein ratio (5.49) was registered by grains following treatment with Zantara 216 EC (DMI+SDHI) 
but in this case, it was due to highest starch increase relative to control (5.66%) among the variants, although the 
protein decrease was not highest following this treatment. All four fungicide products containing active substances 
that act as quinone outside inhibitors (QoI): Nativo 300 SC, Amistar Xtra, Credo and Acanto Plus, registered among 
highest decrease of protein content relative to control, and were among the ones with best starch to protein ratio. 
To these three can be added one more fungicide product that was associated with high starch to protein ratio: 
Zantara 216 EC. This one having a different formulation, containing a combination of active substances with 
demethylation inhibitor + succinate dehydrogenase inhibitor. But it was noticed that all the top five products that 
lead to the high-quality grain (high starch to protein ratio) were having among active substances inhibitors 




Figure 4. Relationship between protein and starch content of barley ‘Daciana’ grains from crops 
subject to fungicide treatments with 11 commercial products; control – non-treated. 
 
By comparing the performance across several criteria, can be observed that none of the products displayed best 
performance for all dimensions considered. Instead, six products showed a top performance for at least two criteria.  
Interesting associations between a given fungicide product and several dimensions have become evident. Thus, 
the suppression with highest effectivity of net blotch disease both after first and second treatment by the products 
Acanto Plus and Amistar Xtra did not translate in highest starch content. Also, high grain yield and thousand grains 
weight was obtained following application of Mystic 250 EC yet the net blotch suppression effectiveness after first 
and second treatment was within lower medium range (third quartile). Although the effectiveness of net blotch 
suppression following application of Evolus was not among the top three (yet still above average) this variant was 
the only one that situated in best quartile for three grain criteria considered: yield, TGW and starch. In several cases, 
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application of the fungicide displayed a different effectiveness following first treatment compared to second 
treatment. An interesting observation can be expressed in regards with the product Artea 330 EC that although 
situated in the fourth quartile for effectiveness of net blotch suppression, this variant still managed to achieve a 
good starch content (second quartile). It can also be noted that although application of Credo ensured a high 
effectiveness of net blotch suppression, the yield was low, but grain was of higher quality when considering the high 
starch content. These observations are important, because it leads to the conclusion that a maximum performance 
on all criteria for a certain product might not be the approach to consider and perhaps seldom achievable. Instead, 
depending on the desired result various products could be used to achieve highly effective disease suppression, high 
quantity yields or high-quality yields and any potential associations among these.  
The most important criteria to consider remains the active substance contained into the products and their 
mode of action. As can be observed, the best disease suppression was not achieved when the products contained 
active substances that target only sterol biosynthesis (DMI, A). But combinations between substances with 
demethylation inhibiting effect (DMI) and other modes of action suggest they lead to best response to treatments 
(such as QoI, AZN, SDHI). Particularly, combinations between DMI and QoI seem to lead to good results, but this 
occurred when the strobilurins used were picoxystrobin and azoxystrobin. When DMI and the trifloxystrobin was 
applied, the result was not as good as the former. Thus, although DMI+QoI appears to be highly effective the type of 
strobilurin used in such a formulation is also crucial. This might be the case for other combinations among various 
active ingredients as well, aspects that should receive more attention in the future.  
Although genus Pyrenophora contains several species of fungi that cause foliar disease in barley (Backes et al., 
2021), out of these, Pyrenophora teres is the causal agent of net blotch disease. It presents two genetically distinct 
forms that are the most important foliar pathogens of barley crop, found in all regions of the world suitable for 
barley cultivation (Clare et al., 2020). Between the two forms sometimes can occur hybridization, although it is rare 
in nature (Wesley et al., 2016; Clare et al., 2020; Oğuz and Aziz, 2021). The two forms differ in the blotch lesions 
produced on leaves: net-like (Pyrenophora teres f. teres abbreviated Ptt) or spot-like (P. teres f. maculata abbreviated 
Ptm). Because morphologically are similar in regards with characteristics such as conidia shape, the discrimination 
between the two can be made through the distinctive symptoms.  
Study conducted in the center of origin for cultivated barley from Middle Est identified both Pyrenophora teres 
forms in various Hordeum spp. analyzed. Results indicated that isolates producing spot form had faster saprotrophic 
and necrotrophic growth rates than the net form of the disease while isolates from wild hosts exhibited higher 
necrotrophic variability for growth rates (Moshe et al., 2019). Screening for disease of barley crops and wild barley 
populations throughout Batman province from Turkey, a recent study identified the presence of Drechslera teres f. 
teres at 6 out of 37 barley crop field locations, while for wild barley populations this pathogen was identified in 4 
out of 24 locations. However, Drechslera teres f. maculata occurred more often: at 19 out of 37 barley crop fields, 
and 8 out of 24 wild barley populations (Saraç et al., 2021). 
The use of fungicide applications and achieving genetic resistance are the main ways in controlling net blotch 
disease in barley (Walters et al., 2012). The nature and extent of resistance in barley varieties is dependent on the 
genotype by environment interaction. This was evidenced by a study that screened spring barley varieties in Finland 
with the purpose to identify valuable genetic stock for breeding programs. The authors of the study asserted that 
exploiting small differences in net blotch reaction is important for building up levels of polygenically controlled 
resistance in barley, and this could be achieved through meticulous analysis of field data taking into account 
variations in the pathogen response arising due to environmental conditions. It was concluded that the presence of 
significant interaction between genotype and environment can make the selection task difficult (Robinson and Jalli, 
1999). The evaluation of over a hundred of double haploid barley lines for resistance to net type of the net blotch 
disease (NTNB), was successful at determining that resistance is recessive. The study further indicated the existence 
of multiple resistance genes, while the recombinant DH line hosting resistance alleles from both parents was 
highlighted as potentially helpful at obtaining NTNB-resistant germplasm (Abu Qamar et al., 2008). An extensive 
study that screened hundreds of barley accessions including landraces from different countries and commercial 
cultivars, further identified regions significantly associated with resistance/susceptibility to Pyrenophora teres f. 
teres on the chromosomes 3H, 4H, 5H, 6H and 7H. Out of these, seven regions were shown to influence resistance 
both in seedlings and adult barley plants (Novakazi et al., 2019). Volkova et al. (2020) isolated Pyrenophora teres 
from three barley varieties that displayed low, medium or high resistance to disease and managed to identify 
differences in growth rate according to the susceptibility level of plant host variety. Moreover, the isolates obtained 
from the variety with lower resistance to the pathogen caused highest damage in experimental conditions to plants, 
the highest degree of virulence were identified with isolates from medium resistant variety while highest number 
of identified races corresponded to isolates from the highly resistant variety.  
Most frequently, the products used by farmers are formulated based on DMI. DMI represents a group of 
fungicides with systemic site-specific action, that targets the enzyme CYP51 which is essential for synthesis of 
sterols by fungi. Pathogens resistance to these fungicides have been reported since before 1990 (Wesley et al., 
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2016). On the other hand, for SDHI that inhibits mitochondrial respiration by blocking TCA cycle, Pyrenophora teres 
genotypes associated with low resistance factors have been first reported in 2012 in Germany (Torriani et al., 2017). 
In the following years new mutations determined isolates with reduced resistance to SDHI to be reported not only 
in Germany but also in France, Italy, UK and lately Europe-wide. Resistance to QoI fungicides was firstly reported in 
2004, but an increased frequency of mutations has been reported recently while successful suppression of net 
blotch with these active substances class is variable (FRAG, 2020). Pyrenophora teres f. maculata isolates from 
barley samples collected between 1996 to 2019 from Western Australia were tested in vitro for sensitivity levels to 
fungicides. Results suggested a decreased sensitivity to DMIs in isolates collected after 2015 (Wesley et al., 2020). 
Such reports come to indicate that resistance to fungicides is a worldwide challenge for barley crop. A study 
conducted during 1999-2000 at three locations in Canada, evaluated the agronomic performance of barley subject 
to foliar treatments with propiconazole. The results indicated that fungicide application at flag leaf stage and 
heading stage produced better results compared to the application at 2- and 3- leaf growth stage. Application at 
later growth stages reduced net-blotch severity and increased grain yield and kernel quality (Turkington et al., 
2004). Furthermore, a study conducted in Estonia during a seven-year trial period, suggests that moderation in 
fungicide rates combined with later application (during heading-flowering) can bring improved disease control 
compared to the conventional approach. However, yield and economic return was determined to be higher 
following conventional practices represented by applying fungicide earlier (at booting stage) and generally in 
higher doses compared to those adopted by decision support system (Sooväli et al., 2017). Thus, timing of fungicide 
application can take part at mitigating net blotch disease. Finding the optimal balance been timing and rate of 
application can prove determining for the cost-benefit outcome. Monitorization of net blotch occurrence in spring 
barley within Nordic-Baltic region of Europe during 2013-2017, revealed a variation in disease severity between 
countries and years. The mean net blotch severity for barley ranged from none to 61.1%, with highest values 
registered in Finland and lowest in Norway. Following such observations, the authors of the study proposed that 
fungicide applications could be adapted based on assessing the local risk (Jalli et al., 2020). Such a strategy could be 
considered within the framework of a local alert system to ensure efficient interventions of farmers for disease 
control. Results from a complex study that tested over ten fungicide formulations on maize crops at locations from 
Canada and United States, indicated that fungicide class had some effect on yield of maize. Formulations based on 
DMI+QoI contributed significantly to the maize yield (Wise et al., 2019). Strobilurins have been associated with 
enhancing physiological effects on plants. Thus, application of QoI fungicides has been found responsible for 
increased net photosynthesis, delayed senescence and thus prolonged assimilation that can positively influence 
yields (Bertelsen et al., 2001; Amaro et al., 2020). This could explain why in some cases the products with QoI have 
been associated with better production parameters.  
Generally, repeated treatments with a given fungicide can give rise to individuals displaying resistance within 
pathogens populations, and when their effectives increase until becoming dominant the decrease or lack of 
efficiency of the fungicide treatments starts to be noticed (Torriani et al., 2017). The reduced sensitivity or 
occurrence of resistance of fungi to DMI can appear when mutations alter the structure of the target enzyme and 
reduces the binding efficiency of the fungicide to it, or through overexpression of corresponding gene that causes 
higher levels of the target enzyme to be produced and thus reducing the sensitivity to the fungicide. Finally, a third 
way through which pathogens can achieve a broad resistance to DMI fungicides is through overexpression of the 
specific transporters at the membrane level that results in phenotypes that exhibit reduced accumulation of the 
fungicide (Wesley et al., 2016). However, European monitoring reported a stable situation regarding DMI resistance 
(Torriani et al., 2017). In this research the products formulated solely with DMI showed lower overall performance, 
particularly at suppressing the disease but whether this was due to a lower sensitivity of the pathogen to this class 
of fungicides, remains to be determined.  
Results of this research conducted in conditions from Transylvania, Romania, demonstrated the existence of a 
variability in regards to effectives and influence of the fungicide products found on the market against net blotch 
disease – one of the most common problems for the barley crop. A study conducted almost a decade earlier in 
Transylvanian Plain conditions, showed that DMI and DMI + QoI were efficient at suppressing the net blotch disease 
in barley (Nagy et al., 2010a). Also, the same fungicide products that ensured best net blotch disease suppression in 
the cultivar ‘Daciana’ from this study demonstrated best disease suppression about a decade earlier (Nagy et al., 
2010b). This suggested that these fungicides maintained their efficiency against the local population of net blotch 
pathogens.  
Effectiveness of fungicide products depends upon adequate management of the pathogen residence that can 
ensure lower occurrence of resistance while also delaying them from appearing within pathogen population. 
However, this cannot completely prevent pathogen resistance to fungicide (Torriani et al., 2017). As general rule 
well-known to farmers is to alternate the products and avoid consecutive treatments with fungicides having same 
mode of action. Sources state that strobilurins are recommended to be used in mixtures with other substances 
having a different mode of action, while only maximum two QoI-sprayings should be applied to a given crop. 
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Similarly, DMI shall also be used in mixture with other non-DMI fungicides for increased efficiency (FRAG, 2020). 
Results of this study supports also this strategy, since better results for disease suppression were registered when 
using some DMI+QoI fungicides on spring barley.  
 
CONCLUSIONS 
This study assessed comparatively the effectiveness of eleven fungicide products most frequently used against 
net blotch disease of two-rowed spring barley.  
The eleven fungicide products tested in this study contained a total of 13 active substances, the most common 
being tebuconazole. The active substances from the products tested have four different modes of action by targeting 
either: sterol biosynthesis (DMI, A), mitochondrial respiration (QoI, SHDI), having multisite action (M) or targeting 
signal transduction (AZN) in the pathogen.  
Results showed that after first and second fungicide treatment the net blotch disease index decreased an average 
of 70.37% and respectively 78.04% relative to untreated control. All products ensured highly significant foliar 
disease index decrease compared to control. 
Fungicide application ensured 28.66% grain yield increase, 7.51% thousand grains weight increase, 4.36% grain 
starch content increase and 2.55% grain protein content decrease relative to untreated control.  
Based on ranking the treatments, the top four performance for barley ‘Daciana’ in conditions from Transylvania 
was associated with fungicide products: Acanto Plus > Evolus > Amistar Xtra > Zantara. All these four products 
contain active substances acting as demethylation inhibitors that target sterol biosynthesis in membranes of the 
pathogen but in combination with other active substances with a different mode of action, such as: quinone outside 
inhibitors, succinate dehydrogenase inhibitors or signal transduction inhibitors.  
It was concluded that synergistic effect of ingredients with different modes of action, ensures that the fungicide 
leads to a good performance on several criteria that ultimately increases effectiveness and maximizes desired 
outcomes. Average or less overall optimal performance was obtained when products contained only active 
ingredients that inhibit sterol biosynthesis in membranes.  
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